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During a 32-month period, 79 extremities in 76 children (age
1 day-13 years, mean = 31 months) were evaluated with regard
to iatrogenic vascular injuries. Prospectively, 42 children were
studied pre- and post-cardiac catherization. Ten of these chil-
dren sustained vascular injuries (incidence = 24%). Thirty-four
additional children were referred because of 35 iatrogenic vas-
cular injuries as a result of transfemoral cardiac catheterization
(n = 20), umbilical artery catheterization (n = 10), or recent
surgery (n = 5). All 45 injuries were evaluated by lower ex-
temity segmental Doppler pressure measurements in addition
to routine physical examination at the time of injury and at
frequent follow-up. An ankle/brachial pressure index (ABI)
< 0.9 was considered abnormal. Selected children (ABI < 0.9
for >30 days) underwent orthoroentgenograms to assess limb
growth. The average ABI immediately following injury was
0.34 +/- 0.33. Thirty-four injuries were treated nonopera-
tively. Twelve injuries were excluded from further study due
to death (n = 7) or being lost to follow-yp (n = 5). A return
of ABI to normal was seen from 1 day to 2 years in 93% of
children treated with heparin (n = 14) compared to 63% of
children who were simply observed (n = 8) (p < 0.10). The
initial severity of ischemia did not correlate with the subse-
quent rate of improvement. Only patients with absent femoral
pulses were selected for operative intervention, which consisted
of aortic thrombectomy (n = 2), femorofemoral bypass (n
= 2), femoral artery patch angioplasty (n = 1), or femoral
artery thrombectomy (n = 7) with no mortality. Nine patients
had immediate return of a normal ABI after surgery. A delayed
return of ABI to normal occurred in the other two. Nine per
cent of surgically treated children and 23% of nonsurgically
treated children developed leg length discrepancies (0.5-3.0
cm) as a result of ischemia lasting >30 days. Overall, 91% of
the children in this series eventually regained normal circu-
lation following injury and no child lost a limb. This study
indicates that iatrogenic pediatric vascular injuries are common
and can result in significant limb growth impairment. Imme-
diate operative intervention is highly successful when the injury
is proximal to the common femoral artery bifurcation and

Presented at the 103rd Annual Meeting of the American Surgical
Association, Boca Raton, Florida, May 12-14, 1983.

Reprint requests: D. Preston Flanigan, M.D., Chief, Division of
Vascular Surgery, Department of Surgery, 51 8-J, P.O. Box 6998, Chi-
cago, IL 60680.

Submitted for publication: May 16, 1983.
Sponsored by Lloyd M. Nyhus, M.D.

From the Division of Vascular Surgery, Department of
Surgery, College of Medicine at Chicago, University of

Illinois at Chicago, Chicago, Illinois

avoids the prolonged ischemia seen with nonoperative therapy.
For more distal occlusions, heparin therapy provides better
results than simple observation. Although therapeutic inter-
vention for these injuries is generally successful a limb length
discrepancy rate of 14% mandates that indications for invasive
vascular monitoring and diagnostic procedures be strict.

THE PRINCIPLES of management of arterial trauma in
1 adults are well established.' Adult arterial trauma

is significantly more common than pediatric arterial
trauma. Diagnostic procedures in adults are reasonably
standardized; the indications for operation in adults are
nearly uniformly agreed upon. The methods of vascular
repair in adults have been refined to the point that suc-
cessful results can be expected in all but the most serious
of injuries.2'3
The principles of management of pediatric arterial

trauma are not as well defined. Because of the rarity of
arterial trauma in infants and children, only a few cen-
ters have been able to accumulate sufficient numbers of
patients for meaningful analysis. Most large series of
patients reported in the literature have required a decade
or more of experience for accrual.F8 Because of the in-
frequent nature of pediatric arterial injuries, it has been
difficult to design prospective studies to evaluate various
methods of management, especially in the face of rapid
advancements in the field of vascular surgery.

Pediatric arterial trauma poses special problems not
encountered in the treatment of adult vascular trauma.8
Because of the small size of these vessels surgeons tend
to be less enthusiastic about recommending surgical re-
pair in infants and children. Unlike adults, limb growth
must be considered in the pediatric age group.9-'3 The
inability of very young patients to communicate their
symptoms and the rich potential for rapid collateral de-
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velopment may give the surgeon a false sense of security
in the long-term significance of arterial injuries in chil-
dren. Numerous reports have now documented subse-
quent limb growth retardation as a result of uncorrected
circulatory impairment in the absence of symptomatic
evidence of ischemia.91'3
As in adults, arterial trauma in children has been seen

as a result ofgunshot wounds, stab wounds, falls through
glass structures, fractures and dislocations, and blunt
trauma.'4 Although uncommon, these injuries in chil-
dren are increasing in frequency.5 The major causes of
arterial injuries in children are iatrogenic, accounting
for two thirds of pediatric arterial injuries.6 Iatrogenic
injuries are most commonly a result of arterial cathe-
terization for diagnostic or monitoring purposes. Um-
bilical artery catheterization, transfemoral cardiac cath-
eterization, and transfemoral arteriography have been
primarily responsible for most iatrogenic pediatric ar-

terial injuries.6 A less common but significant cause of
iatrogenic injury have been surgical procedures, includ-
ing arterial cannulation for cardiopulmonary bypass.7
The University ofIllinois Hospital is a major pediatric

referral center for the Chicago area because of its ex-

tremely active pediatric cardiology service and its large
neonatal intensive care unit. Because of this activity, we
have been able to treat a large number of iatrogenic
pediatric arterial injuries during a relatively short period
of time using modern techniques of vascular diagnosis
and therapy. It is the intent of this report to analyze this
experience for the purpose of developing principles
which, hopefully, will be useful in the subsequent man-
agement of iatrogenic pediatric arterial trauma.

Clinical Material

Over a 32-month period, 79 lower extremities in 76
children were evaluated in regard to iatrogenic arterial
injuries. Early in the course of this experience, because
of concern about complications associated with trans-
femoral catheterization, a prospective study to assess the
incidence and severity of arterial injury following trans-
femoral cardiac catheterization in children was begun.
Forty-two children were entered into this study. All ar-

terial punctures were carried out under general anes-

thesia and all catheterizations were performed percu-
taneously. Patients were anticoagulated with heparin
sulfate (1 mg/kg) immediately following arterial can-

nulation. Doppler derived segmental arterial pressures
were measured in both extremities in all children the
day before catheterization and recorded. All children
underwent repeat Doppler pressure measurements fol-
lowing cardiac catheterization. Pre- and post-catheter-
ization studies were compared through the calculation
of the ankle/brachial pressure index (ABI). Any extrem-
ity with an ABI < 0.9 following catheterization was con-

TABLE 1. Sources ofPediatric Arterial Injuries

Etiology No. of Injuries

Transfemoral cardiac catheterization 30
Umbilical artery catheters 10
Surgical procedures 5
Total 45

sidered abnormal. All extremities had normal ABIs pre-
catheterization.
Ten children in this prospective study sustained 10

arterial injuries. An additional 34 children, sustaining
35 arterial injuries affecting 37 lower extremities, were
referred during the 32 month period giving totals of 44
children sustaining 45 injuries affecting 47 extremities
for the entire experience. The additional 35 arterial in-
juries were secondary to transfemoral cardiac catheter-
ization in 19 children (20 injuries, 20 extremities) who
were not part of the prospective study, umbilical artery
catheterization in 10 children (10 injuries, 12 extremi-
ties), and recent surgery in five children (5 injuries, 5
extremities) (Table 1).
Of the 45 injuries, two were of the aorta by umbilical

artery catheters, 30 were of the common femoral artery
by angiographic catheters, one was of the external iliac
artery as a result of surgical removal of aggressive fibro-
matosis surrounding the artery, two were of the iliac
artery as a result of umbilical artery catheters, and 10
were of vessels distal to the common femoral artery and
were believed to be a result of emboli, originating from
umbilical artery catheters or proximal surgical sites
(Table 2).
The mean age was 31 months (range, 1 day- 13 years).

Eighty-four per cent of these children were 4 years of age
or less. Additionally, because ofa high prevalence ofcon-
genital heart disease in this group ofpatients, most patients
were very small for their age (Fig. 1). There were equal
numbers ofboys and girls. Most children were too young
to relate specific symptoms. Those who could verbally
communicate related only coolness or numbness of the
extremity. All children had absent palpable pulses distal
to their injuries. In many children, no signs of ischemia
were present despite absent pulses. In the more severe

injuries, the usual signs ofischemia consisting ofdecreased

TABLE 2. Arteries Occluded

Arteries Occluded Number

Aorta 2
Iliac 3
Common femoral 30
Distal to common femoral* 10
Total 45

* Exact locations undetermined. Presumably thromboembolic.
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FIG. 1. Age distribution in
children sustaining arterial
injuries.
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temperature, paralysis, and pallor or mottling were pres-
ent. All injuries were confirmed with Doppler-derived
segmental lower extremity arterial pressure measure-
ments. Diagnostic arteriography was specifically avoided
in these children. For aortoiliac injuries, imaging ultra-
sound, and radioisotope arteriography were also employed
(Fig. 2).

FIG. 2. Radionuclide arteriogram showing complete occlusion of the
infrarenal aorta.

Doppler pressure measurements were repeated peri-
odically following injury until pressures returned to nor-
mal, until the patient died or was lost to follow-up, or
until this writing. Because ofthe known risk ofimpaired
limb growth, any patient with an ischemic extremity
(ABI < 0.9) for longer than 30 days was studied with
serial orthoroentgenograms to assess limb growth. A
difference in limb length of >0.5 cm was considered
abnormal.7
As a result of experience gained early in the care of

our patients, general guidelines regarding management
were established. Any patient whose lower extremity
pulses did not return following cardiac or umbilical ar-
tery catheter removal, or any patient having loss of
pulses for other iatrogenic reasons was to be immediately
heparinized (1 mg/kg), if not contraindicated, and ob-
served for 6 hours. All patients with an absent femoral
pulse after 6 hours of observation were considered as
surgical candidates in the absence of specific contrain-
dications to surgery. Patients with palpable femoral
pulses but absent distal pulses and Doppler evidence of
impaired distal perfusion were recommended to con-
tinue heparin therapy (1 mg/kg, q6h) in the absence of
contraindications to anticoagulation.
These general guidelines led to 12 operations con-

sisting ofaortic thrombectomy in two patients, crossover
femoro-femoral bypass (on two occasions) in one pa-
tient, femoral artery patch angioplasty in one patient,
and femoral artery repair with thrombectomy in seven
patients (Table 3).

Thirty-four injuries (33 patients) were recommended
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for nonsurgical management because of palpable fem-
oral pulses or contraindications to surgery. Of the non-
surgical patients, seven died from other causes and four
(five injuries) were lost to follow-up. Ofthe 22 remaining
patients, 14 were treated with heparin until return of
Doppler pressures to normal or for a maximum of 4
days. Two of these patients were also treated with uro-
kinase. Eight injuries were not treated with heparin be-
cause of contraindications to anticoagulation (Fig. 3).
No patient followed for less than 2 months is included

in this report. Living patients with and without impaired
circulation as a result oftheir injuries are being followed
indefinitely to assess long-term results, particularly in
regard to limb growth.

Results

Of the 42 children entered into the prospective study,
10 incurred arterial injuries for an incidence of 24%.
There was no difference between the injured group and
the uninjured group in age (unpaired Student's t test)
(Fig. 4). In the injured group the mean age was 57
months, while in the uninjured group it was 58 months.

Thirty-five additional injuries affecting 37 extremities
were encountered. The mean ABI following injury was
0.34 ± 0.33; however, no relationship between the initial
severity ofthe injury as assessed by Doppler and clinical
outcome following therapy could be discerned.

Thirteen children (15 extremities) had no palpable
femoral pulse following injury. Two of these 13 patients
(newborns suffering from severe respiratory failure fol-

433
TABLE 3. Vascular Procedures Performed

Operations Number Ages

Aortic thrombectomy* 2 NBt, NB
Femoro-femoral bypass 2t 12 yr
Femoral patch angioplasty 1 18 mo
Femoral thrombectomy and 7 9 mo, 2 yr, 2.5 yr, 2.5 yr,

repair 4 yr, 4 yr, 13 yr
Total 12

* Transabdominal.
t One patient.
t NB = newborn.

lowing meconium aspiration) were too ill for surgery
and, thus, were treated medically. Both of these patients
sustained iliac artery thromboses secondary to umbilical
artery catheters. Both newborns were treated with hep-
arin (1 mg/kg, q6h) and urokinase. Both infants survived
but neither had a palpable femoral pulse nor a normal
ABI at the time of discharge. These two children even-
tually had normal circulation restored at 13 months and
18 months, respectively, presumably as a result of col-
lateral development. Neither child developed a leg
length discrepancy as a result ofthe prolonged ischemia.
The remaining 11 patients without palpable femoral

pulses (13 extremities) were treated surgically. In nine
children (10 extremities) there was immediate return of
normal circulation following surgery. In one patient
undergoing common femoral artery repair and throm-
bectomy, normal distal circulation did not return until
24 hours after surgery; although, there was a palpable
femoral pulse immediately following operation. The re-

RESULTS OF THERAPY

INJURIES(45)

NO FEMORAL PULSE(13) FEMORAL PULSE(32)*

FiG. 3. Types and results of
therapy.

ANTICOAGULATION(2) ANTICOAGULATION(12) OBSERVATION(8)

IMMEDIATE DELAYED
RETURN TO RETURN TO
NORMAL(9) NORMAL(2)

DELAYED
RETURN TO
NORMAL(2)

DELAYED STILL DELAYED STILL
RETURN TO ABNORMAL RETURN TO ABNORMAL
NORMAL(1l) (1) NORMAL(5) (3)

*12 DIED OR LOST TO FOLLOW-UP
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maining patient was a newborn who underwent trans-
abdominal aortic thrombectomy. Distal circulation was
markedly improved as measured by Doppler pressures
after surgery but palpable femoral pulses did not return.
This patient eventually regained normal circulation 20
months after surgery. This child developed a leg length
discrepancy of 1 cm as collateral development was as-

symetric as assessed by periodic Doppler pressure mea-

surements. There was no operative mortality in our pa-
tients.

Thirty-one children (32 extremities) had palpable
femoral pulses following injury and, thus, were not sub-
jected to operation. Eleven ofthese children (12 injuries)
could not be further evaluated because ofdeath or being
lost to follow-up. Ofthe 20 remaining children (injuries),
12 were treated with heparin and eight were not. Of the
12 treated with heparin, 11 had eventual return of nor-

mal circulation and one did not. Of the 11 children
having eventual return of the ABI to normal, five re-

turned to normal in less than 30 days while six required
more than 30 days to return to normal. Of the eight
patients who could not be heparinized, five returned to
normal (one at <30 days, 4 at >30 days) and three re-

main abnormal (Fig. 3).
A return of ABI to normal was seen from 1 day to

2 years in 93% of patients treated with heparin (n = 14)
compared to 63% of patients who were observed (n
= 8). This difference was not significant at the p < 0.05
level (p = 0.07, chi-square analysis) but was significant
at the p < 0.10 level. Early analysis of ABIs (1 month),
however, revealed that there was clearly no difference
between patients receiving heparin and those who
did not.

Mo IMJIny

~I Wx

FIG. 4. Age distribution as
regards incidence of injury
in children undergoing
transfemoral cardiac cathe-
terization (prospective
study). There was no statis-
tical difference between
groups.
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Analysis of the ages of patients in the surgical v the
nonsurgical groups (unpaired Student's t-test) revealed
that there was no statistical difference between the
groups. The mean age in the surgical group was 44
months while in the nonsurgical group it was 27 months
(Fig. 5). Sixty-four per cent of the children operated
upon in this series were less than 2 years old and 82% of
the children were 5 years old or less.
One child (9%) in the surgically treated group and five

children (23%) in the medically treated group developed
limb length discrepancies of >0.5 cm as a result of isch-
emia lasting >30 days for an overall incidence of 14%
(Table 4). However, when analyzed against all patients
having ischemia lasting >30 days (n = 18) the incidence
is 33%. When considering all patients with ischemia last-
ing >30 days there were no differences in age at the time
ofinjury, length ofischemia, ABI immediately following
injury, or the ratio (length of ischemia/ABI) between
those children who developed limb length discrepancies
and those who did not (unpaired Student's t-test).

Overall, normal resting circulation had returned in
91% of children at the time of this writing with the lon-
gest period between injury and a return ofABI to normal
being 20 months. Four children with abnormal ABIs are
still being followed. No patient in this series suffered
tissue loss or amputation.

Discussion

Children may experience arterial occlusion from mul-
tiple sources. Embolization from cardiac sources and
spontaneous arterial thrombosis secondary to dehydra-
tion, polycythemia, infection, and congestive heart fail-
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FIG. 5. Age distribution in
operated and unoperated
children. There was no sta-
tistical significance between
groups.
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ure account for most nontraumatic etiologies. 15-23 These
events are rare compared to the incidence of traumatic
arterial occlusions.24 The incidence of pediatric arterial
trauma is on the increase with the major cause ofarterial
injury in children being iatrogenic, especially in children
less than 2 years old.25 During the 32-month period that
this report encompasses, no child with noniatrogenic
arterial trauma was seen at our institution. Similar find-
ings have been reported by others and in almost all re-

ports iatrogenic injuries account for well in excess of
50% ofarterial injuries in children. The noted exceptions
are from major trauma referral centers.5" 4

In the present report, all injuries involved the arteries
to the lower extremities. This has been reported by most
investigators and most likely reflects the trend away
from brachial artery puncture for invasive diagnostic
and monitoring procedures.26 32 The majority of arterial
injuries occur following arteriography, cardiac catheter-
ization, umbilical artery catheterization, and needling
procedures for arterial blood samples.32 The high inci-
dence ofcomplications following these procedures is not
surprising since the vessels are usually very small and
the children are usually very ill with decreased cardiac
output, polycthemia, and dehydration.

Transfemoral cardiac catheterization accounted for
67% of the injuries in this report. Freed reported a 40%
incidence of arterial injury from this procedure in pa-
tients under 10 years old.25 Mortensson reported an in-
cidence of 26%.29 Both Freed and Mortensson used re-

peat arteriography in their determination of the com-

plication rate. Certain techniques of transfemoral

catheterization have been shown to lead to a lower in-
cidence ofsubsequent arterial thrombosis. Freed showed,
in a prospective randomized study, that the use of sys-

temic heparinization, while the catheter is in position,
was associated with a significant reduction in thrombic
complications from 40% to 8%.25 Ample evidence exists
for the formation of fibrin sleeves on these catheters. A
suspected mechanism of occlusion is stripping of this
sleeve during catheter removal with subsequent arterial
occlusion at the site of arterial puncture or from distal
embolization.33
Rubenson found a lower incidence of thrombotic

complications using the percutaneous method of arterial
puncture rather than using an arteriotomy for cannu-
lation.28 An additional risk factor is patient age. Freed
and others have found a significantly higher rate of
thrombotic occlusions in younger patients.25 In Freed's
investigation, no patient older than 10 years developed
complications, whereas patients less than ten had a com-

plication rate of 40%. The prospective study performed
as part ofthe present investigation revealed a thrombosis
rate of 24%. In our patients, heparin was routinely used
during catheterization and all cannulations were per-
cutaneous. Since our method of injury detection was

Doppler pressure measurements, it is likely that the
complication rate was actually higher than 24%, since
pressure measurements would only be expected to detect
injuries causing stenoses ofgreater than 70%. The young
ages of the patients in our report might be thought to
explain a complication rate of 24% despite hepariniza-
tion and the use of the percutaneous method. However,

E- -
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in our patients, age could not be shown to be associated
with a higher complication rate (Fig. 4).
Ten neonates in the present experience sustained ar-

terial occlusions secondary to umbilical artery catheter-
ization. Although umbilical artery catheters have about
one half the complication rate of umbilical vein cath-
eters, they are still responsible for considerable morbid-
ity.34'35 Besides lower extremity thrombotic complica-
tions, these catheters have been responsible for urologic
complications, pelvic hemorrhage, hypertension, em-
bolization and pseudoaneurysm formation.3449 The in-
cidence of thrombosis after umbilical artery catheter-
ization has been shown by O'Neill to be 95% by an-
giography; however, clinical sequellae were present in
only one patient in O'Neill's report.42 Other reports have
shown a high incidence of thrombi on arteriography fol-
lowing umbilical artery cannulation but most investi-
gators report clinical complications of less than 5%.39 41
Nevertheless, complications from umbilical artery cath-
eters can be lethal, especially when involving the aorta
and its visceral branches.38 40'4' Lower extremity arterial
occlusions secondary to these catheters have resulted in
tissue necrosis and occasional limb loss.6

Like angiographic catheterization, certain techniques
relative to umbilical artery catheterization seem to favor
a lower complication rate. The use ofend-hole catheters,
heparin drips, high aortic position, and hypothrombo-
genic catheter materials have been beneficial.38 Although
catheters placed high in the aorta have fewer compli-
cations, the complications associated with lower aortic
placement are less severe in nature.37 Conflicting reports
exist regarding an association of increased thrombosis
rate with longer durations of catheterization; however,
it would seem wise to remove any catheter which is not
absolutely needed.4'42
The diagnosis of arterial occlusion is usually evident

from the history and physical examination. In our pa-
tients, all clinically significant injuries were associated
with the absence of distal pulses. We used Doppler pres-
sure measurements in an attempt to detect lesser lesions
in the prospective part of our study. Doppler measure-
ments were most useful, however, to follow the efficacy
of therapeutic interventions and to document the de-
velopment of collateral circulation. In the case of su-
prainguinal arterial occlusions, imaging ultrasound, and
isotope arteriography have been more helpful to localize
the extent ofthrombosis than to make a diagnosis.38'50'5'
Arteriography is seldom indicated in these children in
view of the potential for further complications with its
use and the accuracy of less invasive diagnostic
methods.6
The problem of arterial spasm with transfemoral ar-

terial cannulation deserves special attention in children.
Mortensson has nicely demonstrated complete arterial

occlusion due to arterial spasm around a catheter.29 This
problem is worse in younger patients. Many investiga-
tors have attested to spasm as a common cause ofabsent
pulses following catheterization; however most have
found it to be a transient event within the first few hours
following catheter removal.4'8'25'26'29'32 Mansfield dem-
onstrated that arterial thrombosis was present in all cases
in which absent pulses persisted beyond 8 hours.26 White
reported the same findings after 3 hours.32 Freed and
Klein have suggested 48 hours as a cutoff point.4'25 Most
ofthese authors have recommended heparinization dur-
ing this waiting period. Our clinical protocol called for
no longer than 6 hours of observation on heparin before
a decision for operation was entertained. In all of our
patients who came to operation arterial occlusion was
confirmed.
A pivotal point in our patient management was the

presence or absence of a palpable femoral pulse. This
decision was based upon the fact that, in most neonates,
#2Fr Fogarty catheters will not pass below the common
femoral arteries. Also, to our knowledge, bypass pro-
cedures have not been previously attempted in neonates.
Our early experience was similar to O'Neill's in regard
to the relatively benign course of more distal occlu-
sions;4' nevertheless, a limb length discrepancy of 14%
in this study has led to a reconsideration ofthis approach.
Some patients with femoral pulses might have throm-
bosis of the common femoral artery bifurcation, which
could easily be removed by simple thrombectomy and
repair. Also, in larger children, Fogarty catheter throm-
boembolectomy or even bypass procedures should be
possible. Both ofthese procedures have been successfully
reported in older children.7"4 The decision for such an
approach might be facilitated by imaging procedures.
With the advent of digital subtraction arteriography and
high resolution ultrasound this may now be possible.
The decision for or against operation in these children

is multifactorial. The incidence of immediate limb
threatening ischemia following iatrogenic arterial inju-
ries is low. Smith, in a recent review of the literature,
found only eight cases of limb loss. Although unusual,
such ischemia does occur and would indicate the need
for early revascularization when possible. Many of these
patients are poor surgical risks and the risk of operation
must be weighed against the risk of limb loss or limb
growth impairment. Another consideration must be the
likelihood of successful surgery. The size of the patient
and the injured vessel is important in this regard. White-
house has reported successful thrombectomy in a 1-
month-old infant and Whitehouse and others have re-
ported successful infrainguinal bypasses in children.7"4
Also, O'Neill's group and our group have performed
successful aortic surgery in neonates.384 On the con-
trary, an operation for a femoro-popliteal occlusion in
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a neonate is not likely to succeed. Another consideration
in the decision for operation is the problem of possible
growth retardation with persistent ischemia. Growth re-
tardation has been documented by many investigators
following arterial injury, even in the absence of symp-
tomatic ischemia.91'3

Nonoperative therapy is often a viable option to be
considered. In our patients, 18 of 22 children treated
without surgery eventually developed normal ABIs, al-
though retarded limb growth was a problem (Fig. 6).
Late revascularization has been successfully performed;
however, the effect of late revascularization on limb
growth is controversial.4'7'0

Surgery is almost mandatory in aortic thrombosis.
Nonoperative treatment for neonatal and childhood aor-
tic thrombosis has been uniformly unsuccessful with a
100% mortality rate.38 Both of our neonates with aortic
thrombosis were treated successfully with surgery, as
were three of the four infants reported by O'Neill.38'4'
The age of the patients in this report is considerably

younger than in most previous reports (Fig. 1). Sixty-
four per cent of the children operated on in this series
were less than two years old. Two neonates underwent
transabdominal aortic thrombectomy; an 18-month-old
child had a femoral patch angioplasty; femoral artery
repair with thrombectomy was performed in seven chil-
dren aged 9 months to 13 years; and femoro-femoral
bypass was performed in a 12-year-old patient (Table
3). All operations in this series were successful with the
exception of the femoro-femoral bypass. Failure in this
patient was due to an inadequately sized autogenous
saphenous vein graft placed in an effort to avoid pros-
thetic material because of nearby infection. Because of
leg growth impairment, this patient underwent success-
ful femoro-femoral bypass with prosthetic material 1
year later.

O'Neill has previously reported a 77% success rate in
92 children undergoing arterial repair.50 The initial suc-
cess rate in our surgically treated patients was 91%. Sev-
eral factors are probably responsible for the excellent
results in our surgical patients. Because of a close work-
ing relationship with the pediatric cardiology and neon-
atology services, all patients were promptly evaluated by
the vascular service. The importance of early therapy
has previously been emphasized by Shaker and
O'Neill.8'4' All of our surgical patients were heparinized
immediately, thus, decreasing the likelihood ofproximal
and distal clot propagation. Patients who did not have
return of femoral pulses were taken to the operating
room within 6 hours, except in two cases in which ad-
ditional preparation was required. Heparin administra-
tion was generally continued for 24 hours after surgery.

Transabdominal aortic thrombectomies were per-
formed through transverse abdominal incisions and a

T IME FOR RETURN TO NORMAL

FIG. 6. Cumulative return of normal resting circulation in patients treated
nonsurgically.

transverse arteriotomy in the distal aorta just proximal
to its bifurcation. In these neonates, #2Fr Fogarty cath-
eters would pass only to the level ofthe common femoral
arteries. Closure of the aorta was accomplished with in-
terrupted 7-0 polypropylene sutures. Femoral artery
patch angioplasty was performed as it would be in an
adult, but using 2.4x loupe magnification. The oper-
ating microscope was not required in any of our chil-
dren; however, its use in repairing smaller vessels in the
future is being considered. Femoral artery repairs with
thrombectomy usually required only tacking of the in-
tima following clot removal. This can be accomplished
following debridement of the arterial edges by using the
same interrupted 7-0 sutures which are used to close
the vessel. We have not transsected the artery to perform
a spatulated anastamosis, since 50% ofthe vessel (usually
the posterior wall) is generally intact (Fig. 7). Whatever

FIG. 7. Operative photograph demonstrating interrupted suture closure
of the common femoral artery. Diameter = 2.5 mm.

437Vol. 198 - No. 4

Id



FLANIGAN AND OTHERS438
TABLE 4. Children Developing Leg Length Discrepancies

Length of Leg Length
Patient Age* (Mo) Ischemia (Mo) ABIt Discrepancy (cm)

1 1 5 0 0.50
2 2 2 .6 0.75
3 48 7 .78 2.25
4 3 14 .58 3.00
5 NBt 20 0 1.00
6 13 13 .2 0.50

* At time of injury.
t Immediately following injury.
t NB = newborn.

type of arterial repair is undertaken, it is recommended
that interrupted sutures rather than a continuous suture
be employed to allow for subsequent arterial growth.
The results achieved in the nonsurgical group were

also gratifying, although five of the six limb length dis-
crepancies were seen in this group (Table 4). It is possible
that a more aggressive approach might have improved
these results; however, the data in our study does not
allow this conclusion. The effect of heparin therapy in
this group is difficult to evaluate. Our late results indicated
a beneficial effect of heparin as they did in Klein's ex-
perience.4 However, results at 1 month following injury
showed benefit to heparin in neither our nor Klein's
patients.7
A fact that has not yet become widely appreciated is

that children with persistant ischemia run a high risk of
limb growth retardation. Rosenthal found no evidence
of growth retardation following cardiac catheterization.
However, unlike the following studies, he used a tape
measure rather than roentgenograms for measurement
purposes.'2 Currarino and Engle demonstrated retarded
growth of soft tissues and retarded longitudinal bone
growth in 25 of 28 arms following subclavian artery
ligation for tetrology of Fallot.'3 Bassett demonstrated
retarded limb growth in 24 of28 children following fem-
oral catheterization injuries and Whitehouse showed a
50% incidence of growth retardation due to persistent
ischemia.7'9 In the present study, 6 of 18 limbs (33%)
with ischemia lasting longer than 30 days developed
limb length discrepancies. The fact that there was neither
a direct relationship to the length of ischemia nor an
indirect relationship to ABI in regard to the severity or
incidence of limb growth retardation was unexpected.
The subsequent course of patients with limb length

discrepancies is currently ill defined. Bassett, in follow-
ing 12 of his patients found that six children remained
unchanged, three worsened, and three improved, al-
though two of the three were still abnormal.9 White-
house found that subsequent revascularization did not
lead to accelerated growth and amelioration of limb

length discrepancies.7 Conversely, Bloom has reported
three patients in whom revascularization led to in-
creased growth, although not to normal, and Klein has
reported late revascularization leading to equal leg
length in two children.4"0 We have performed only one
late revascularization. This procedure has resulted in
increased growth of soft tissues but not in increased lon-
gitudinal bone growth 1 year after surgery.
As a result of this experience, certain recommenda-

tions can be made. The results obtained in the treatment
of our patients indicate that the current approach has
been reasonably successful. Patients with aortic throm-
bosis should be heparinized and undergo immediate
operation, as this is a lethal condition. Ultrasound and
radionuclide arteriography may be helpful in establish-
ing the diagnosis of thrombosis; however, they probably
are not necessary in most cases and should not be done
ifthey inordinately delay operation. Children sustaining
loss of pulses following nonaortic iatrogenic arterial
trauma should be heparinized immediately, when pos-
sible, and observed for 6 hours for signs ofimprovement.
Nearly all children with absent pulses after this time will
have arterial occlusions. Doppler pressure measure-
ments are useful primarily for monitoring purposes.
Patients without a femoral pulse after 6 hours should,
in most instances undergo arterial reconstruction. Stan-
dard arteriography is probably ill advised in these pa-
tients and may entail more risk than operation.

In patients with a femoral pulse but with distal isch-
emia, we would hope that noninvasive imaging tech-
niques might be useful, in the future, to identify patients
with common femoral artery thrombi. Such children
would probably benefit from operation. Patients with
more distal occlusions should probably be treated non-
operatively with continued heparin therapy, although
in older patients a more aggressive approach may be
indicated. The role ofthrombolytic therapy should prob-
ably be evaluated further, although it did not appear
helpful in our two cases. Obviously, good judgment
should be used in the selection of patients for operation
in weighing patient risk against the risk of limb loss or
limb growth retardation, and the feasibility of operative
repair. Although still somewhat unclear, there is some
evidence now indicating that later revascularization may
be effective in some patients in relieving limb length
discrepancies.4'6"0

Proper selection of patients in the application of in-
vasive diagnostic and monitoring techniques is impor-
tant. These techniques can be life saving but probably
should not be performed for academic curiosity. Al-
though no child lost a limb in our series, both the eco-
nomic and emotional costs to these patients and a limb
length discrepancy in 14% of patients mandate that the
indications for these invasive procedures be strict.

Ann. Surg. * October 1983
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